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ABSTRACT
Aims. The aim of this work is to investigate the possible presence of extended diffuse synchrotron radio emission associated with the
intracluster medium of the complex galaxy cluster A1689.
Methods. The radio continuum emission of A1689 has been investigated by analyzing archival observations at 1.2 and 1.4 GHz
obtained with the Very Large Array in different configurations.
Results. We report the detection of an extended, diffuse, low-surface brightness radio emission located in the central region of A1689.
The surface brightness profile of the diffuse emission at 1.2 GHz indicates a central radio brightness of ≃1.7 µJy/arcsec2 and the 3σ
radio isophothes reveal the largest linear size to be 730 kpc. Given its central location, the low-level surface brightness, and the
comparatively large extension, we classify the diffuse cluster-wide emission in A1689 as a small radio halo.
Key words. Galaxies: cluster: general – Galaxies: cluster: individual: A1689 – Magnetic fields – Cosmology: large-scale structure of
Universe
1. Introduction
According to the hierarchical scenario of structure formation,
massive galaxy clusters form from the merger of galaxy groups
and subclusters. During these mergers, gravitational energies are
released that are high as & 1064 ergs (e.g., Sarazin 2002). This
significant amount of energy drives shocks and turbulence into
the thermal intracluster medium (ICM): the energy is injected
on large spatial scales and then cascades turbulently to smaller
scales. Shocks and the turbulence associated with a major clus-
ter merger event are thought to accelerate particles and compress
magnetic field in the ICM (e.g. Roettiger et al. 1999; Skillman et
al. 2008; Skillman et al. 2011). These nonthermal components
are expected to lead to large-scale diffuse synchrotron emission
associated with the ICM – an expectation confirmed by sensitive
radio observations. In fact, in an increasing number of merging
galaxy clusters, diffuse sources known as radio halos and radio
relics, which have no obvious optical counterpart, have been de-
tected (Feretti & Giovannini 2008, Ferrari et al. 2008).
Radio halos and radio relics are diffuse, low-surface-
brightness (∼ 1 µJy arcsec−2 at 1.4 GHz), steep-spectrum1 (α &
1) synchrotron sources with linear size &Mpc. The radio halo
emission permeates the central volume of some galaxy clusters,
is generally characterized by a regular morphology, and is not
polarized. Instead, radio relic emission is located in the galaxy
cluster outskirts, usually filamentary, and polarized (10–30%).
While radio halos are thought to be sustained mainly by turbu-
lence due to cluster mergers (e.g, Brunetti & Lazarian 2007), ra-
dio relics are supposed to trace the shock waves generated during
these processes of cluster formation (e.g., Ensslin et al. 1998).
1 We use the convention S ν ∝ ν−α.
Radio halos offer a unique chance to study the nonthermal
components of the ICM in the central region of the clusters on
Mpc scales but, unfortunately, their faintness means their statis-
tics remain poor. To date, only about 30 radio halos are known
(Giovannini et al. 2009). They are all found in clusters display-
ing features of intense merger activity (Buote 2001, Feretti 2002,
Govoni et al. 2004, Cassano et al. 2010, Rossetti et al. 2011),
but not all merging clusters appear to host a radio halo. X-ray
and radio properties of the clusters hosting such sources seem
to be intimately connected, as indicated by the similarity of the
X-ray and radio morphology, by the correlation between the ra-
dio halo power and X-ray cluster temperature (Liang et al. 1999,
Colafrancesco 1999) and by the strong correlation between the
radio halo power P1.4 GHz at 1.4 GHz and the X-ray cluster lumi-
nosity LX (Feretti 2002, Brunetti et al. 2007, Giovannini et al.
2009). Actually, recent deep radio observations also revealed the
presence of radio halos in clusters characterized by low X-ray lu-
minosity (e.g. 0217+70: Brown et al. 2011; A523: Giovannini et
al. 2011), a more complex situation than described by the present
models and numerical simulations of radio halo formation.
While radio halos are typically found in merging clusters,
few relaxed, cool-core, galaxy clusters exhibit signs of diffuse
synchrotron emission that extends far from the dominant radio
galaxy at the cluster center, forming a so-called mini-halo. Burns
et al. (1992) was the first to recognize a distinction between
cluster-wide halos, such as in Coma, and mini-halos associated
with cool cores, such as in Perseus. Mini-halos are extended on
a moderate scale (typically ≃ 500 kpc) and, in common with the
large-scale halos observed in merging clusters of galaxies, have
a steep spectrum and very low surface brightness. Their rela-
tively small angular size in combination with, in many cases,
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Table 1. Details of the VLA observations of A1689.
R.A. Decl. Obs. frequency, ν Bandwidth VLA Configuration Time Date Project
(J2000) (J2000) (MHz) (MHz) (h)
13 11 30.2 −01 20 10.6 1365/1435 25.0 A 3.0 Mar 29,30,31 2002 AI0098
13 11 30.2 −01 20 35.4 1193 12.5 C 6.0 Jan 13, 1999 AZ0111
13 11 30.2 −01 20 35.4 1193 12.5 DnC 7.8 Feb 03,05 1999 AZ0111
Col. 1, Col. 2: Pointing position; Col. 3: Observing frequency; Col. 4: Observing bandwidth; Col. 5: VLA configuration; Col. 6: Time on source;
Col. 7: Dates of observations; Col. 8: VLA project name.
strong emission of the central radio galaxy, complicates their de-
tection, thus our current observational knowledge on mini-halos
is limited to only a handful of clusters. The origin and physical
properties of mini halos are still poorly known (Gitti et al. 2004,
Govoni et al. 2009). We note that, although cooling core clus-
ters are generally considered relaxed systems, when analyzed
in detail they sometimes reveal peculiar X-ray features in the
cluster center, which may indicate a link between the mini-halo
emission and some minor merger activity. Indeed, Burns et al.
(2008) have simulated the formation of both cool core and non-
cool core clusters in the same numerical volume. These simula-
tions confirm that non-cool clusters are formed via major merg-
ers early in their history, which destroyed the cool cores and left
significant residual kinetic energy in the gas that might be used to
power the radio halos. In contrast, cool core clusters do not suf-
fer any major mergers, thus preserving the central cool regions.
However, the cool core clusters do experience regular smaller
mergers, which still inject energy into the intracluster medium,
but more modestly than in the non-cool core clusters. These mi-
nor mergers might power the mini-halos.
Further studies are required to better understand extended
diffuse synchrotron radio sources and their connection with the
dynamical state of the cluster. In this context, as a part of an
ongoing program aimed at finding new diffuse sources in galaxy
clusters, we investigate the radio emission of the galaxy cluster
A1689.
In this work we present the detection of a diffuse synchrotron
radio source in this complex galaxy cluster. In § 2 we summarize
the cluster properties. In § 3 we describe the radio observation
and the data reduction. In § 4 we show the results and we attempt
to classify this diffuse radio emission. Finally, in § 5 we draw
some conclusions.
Throughout this paper we adopt a ΛCDM cosmology with
H0 = 71 km s−1 Mpc−1, Ωm = 0.27, and ΩΛ = 0.73. At the
distance of A1689 (z=0.1832; Struble & Rood 1999), the lumi-
nosity distance is DL=880 Mpc, and 1′′ corresponds to 3.05 kpc.
2. A1689 properties
A1689 is a galaxy cluster characterized by a complex optical
and X-ray structure. At first inspection, it has a regular spheri-
cal shape and a strong peak in the surface brightness profile in
X-rays (Peres et al. 1998), features that apparently indicate a
cooling core. Indeed, Chen et al. (2007) found a short central
cooling time for A1689 tcool = 4.7 ± 0.4 Gyr and a high accre-
tion rate ˙M = 683239−182M⊙ yr
−1
. Its Einstein radius is the largest
known so far (Tyson et al. 1990, Miralda-Escude´ & Babul 1995,
Clowe & Schneider 2001, Broadhurst et al. 2005a, Broadhurst et
al. 2005b, Umetsu & Broadhurst 2008), a characteristic that has
made it attractive for lensing analysis. Strong and weak lensing
studies have revealed discrepant mass values. Differences in the
mass estimations have also been found between lensing and X-
ray observations.
By means of XMM-Newton observations, Andersson &
Madejski (2004) found evidence of an ongoing merger. They
found a nonuniform radial temperature of the X-ray emitting gas
across the cluster, and these features suggest a complex dynam-
ical state. A major merger in which a subcluster moves along
the line-of-sight could also explain the different mass estimates
from X-ray and lensing analysis. An alternative explanation of
this difference has been given by Lemze et al. (2008). By using
a model-independent approach based on a simultaneous fit of
lensing and X-ray surface brightness data, they find good agree-
ment between the lensing mass profile and the X-ray emission
profile. Their model, however, implies a temperature discrep-
ancy with respect to the one derived solely from X-ray observa-
tions. The authors state that their result could support the pres-
ence of colder, denser, and more luminous small-scale structures
that could be responsible for a bias in the observed temperature
(Kawahara et al. 2007). Peng et al. (2009) refute this view and
show that X-ray and lensing estimates can be made consistent
by considering a prolate distribution for the gas temperature and
density with the major axis aligned with the line-of-sight.
By using the Hubble’s Advanced Camera for Surveys
(ACS) and combining the strong and weak lensing approaches,
Limousin et al. (2007) apply an accurate mass model to de-
scribed the observed substructures, obtaining good agreement
between the strong and weak lensing analysis. To reduce the
discrepancy between X-ray and lensing approaches, Riemer-
Sørenson et al. (2009) combined this lensing analysis with high-
resolution X-ray Chandra temperature and hardness ratio im-
ages. They find consistent mass profiles and indications that the
main clump is in a hydrostatical equilibrium. By means of the
same ACS observations, Coe et al. (2010) trace the most de-
tailed mass distribution with a resolution of 25 kpc. They es-
timate a mass M200 = 1.8+0.4−0.3 × 1015M⊙ h−170 within a radius
r200 = 2.4+0.1−0.2Mpc h
−1
70 . In addition, their results agree with the
presence of a high mass along the line-of-sight, confirming pre-
vious studies present in the literature. Analyzing the same ACS
dataset, Leonard et al. (2011) detect two dominant peaks of mass
concentration that they identify as possible remnants of a recent
merger.
The head-on merger scenario also seems supported by opti-
cal observations. In fact, the central region of the cluster lacks
a dominant galaxy at its centroid, while it hosts multiple nu-
clei/galaxies within a single optical halo and possibly merging.
Indeed, Girardi et al. (1997) find that A1689 appears to consist
of three distinct groups of galaxies possibly aligned and sep-
arated well in velocity, suggesting a merger along the line of
sight. Such a geometry of the merger leads to an apparent en-
hancement of the observed velocity dispersion that, by using the
temperature measured by White & Fabian (1995), they find to be
1350 km s−1.
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Fig. 1. Total intensity radio contours at 1.2 GHz (VLA in DnC configuration) with an FWHM of 30′′ × 30′′. The contour levels are
drawn at -3×10−4 Jy/beam, 3×10−4 Jy/beam, and the rest are spaced by a factor
√
2. The sensitivity (1σ) is 1×10−4 Jy/beam. The
contours of the radio intensity are overlaid on a Chandra X-ray (Obs. id: 6930) 0.1−10 keV band, adaptively smoothed count image.
3. Radio observations and data reduction
We present archival observations of A1689 at 1.2 and 1.4 GHz
performed at the Very Large Array (VLA) in spectral line mode
in the A, C, and DnC configurations. The details of the observa-
tions are summarized in Table 1. The data were reduced follow-
ing standard procedures using the NRAO’s Astronomical Image
Processing System (AIPS) package. Surface brightness images
were produced using the AIPS task IMAGR. In the C and DnC
configuration the data were collected with a total bandwidth of
12.5 MHz, subdivided into seven channels with a band-with of
∼1.6 MHz each. The source 1331+305 (3C286) was used as
flux and bandpass calibrator. The nearby source 1354−021 was
observed for complex gain calibration. Radio interference was
carefully excised channel by channel, and several cycles of self-
calibration and imaging were applied to remove residual phase
variations. We averaged the seven channels together in the grid-
ding process using IMAGR. The A configuration was calibrated
by using the source 1331+305 as flux calibrator, and the nearby
source 1246-075 as phase reference. The two IFs were averaged
to obtain the surface brightness image.
4. Diffuse emission in A1689
The radio iso-contours at 1.2 GHz of A1689 are shown in Fig. 1.
This image was obtained with the VLA in DnC configuration,
and it was convolved with a circular FWHM beam of 30′′. To
compare the radio and X-ray cluster emission, the radio contours
are overlaid on the Chandra image in the 0.1−10 keV band. We
find that the central region of A1689 is permeated by a low-
surface brightness diffuse emission with a few discrete sources
embedded. The radio morphology of the diffuse emission is quite
regular with a round shape, following the regular structure of the
cluster X-ray emission. As measured from the 3σ radio isophote,
the overall diffuse emission has an angular extension of about
4′ (the Largest Linear Size is LLS≃ 730 kpc at the cluster dis-
tance). However, as pointed out in Murgia et al. (2009), we note
that the size of the diffuse emission calculated from the contour
levels should be considered carefully, since it depends on the
sensitivity of the radio image.
To separate the diffuse radio emission from discrete sources,
we produced images at higher resolution. In Fig. 2 we present
the radio contours of A1689 at 1.2 GHz taken with the VLA
in C configuration, convolved with an FWHM beam of 20′′.
The discrete sources are labeled in the figure. A few discrete
radio sources (labeled A, B, C) are embedded in the diffuse clus-
ter emission, and their positions and flux densities are given in
Table 2. Source B is located close to the cluster X-ray peak. In
the bottom and righthand panels of Fig. 2, their radio contours at
1.4 GHz taken with the VLA in A configuration (convolved with
an FWHM beam of 2′′) are overlaid to the optical Sloan Digital
Sky Survey. From this figure it is evident that source A, when
observed at high resolution, is indeed composed of two distinct
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Fig. 2. Top left panel: Total intensity radio contours at 1.2 GHz (VLA in C configuration) with an FWHM of 20′′ × 20′′. The
contour levels are drawn at -3.3×10−4 Jy/beam, 3.3×10−4 Jy/beam, and the rest are spaced by a factor
√
2. The sensitivity (1σ) is
1.1×10−4 Jy/beam. Bottom left, right panels: Total intensity radio contours at 1.4 GHz (VLA in A configuration) with an FWHM
of 2′′ × 2′′. The first contour level is drawn at 13.5×10−5 Jy/beam, and the rest are spaced by a factor 2. The sensitivity (1σ) is
4.5×10−5 Jy/beam. The contours of the radio intensity are overlaid on the red plate of the Sloan Digital Sky Survey.
discrete sources: a wide-angle tailed radio source and a point
source, shown respectively in the top right and bottom lefthand
corners of the top righthand panel of Fig. 2 (the flux density of
source A given in Table 2 includes both sources). All these dis-
crete sources have an optical counterpart.
To ensure that the large-scale diffuse emission is not caused
by the blending of discrete sources, in Fig. 3 we present the total
intensity radio contours at 1.2 GHz with the VLA in DnC con-
figuration after subtraction of discrete sources. We produced an
image of the discrete sources by using only the longest baselines
of the DnC configuration dataset and uniform weighting. The
clean components of this image were then subtracted in the (u, v)
plane by using the AIPS task UVSUB. The image with the dis-
crete sources subtracted confirms the presence of a low-surface
brightness diffuse radio emission at the cluster center. The radio
contours are overlaid on the Chandra X-ray image presented in
Fig. 1. Crosses indicate the positions of the subtracted discrete
sources.
The total flux density is calculated from the DnC dataset af-
ter a primary beam correction by integrating the total intensity
surface brightness in the region of the diffuse emission down
to the 3σ level. The resulting total flux density at 1.2 GHz is
estimated to be ≃ (91.6±2.7)mJy. By subtracting the flux den-
sity of the embedded discrete sources A, B, and C as derived
in the C configuration dataset (see Table 2), a flux density of ≃
(11.7±3.4)mJy appears to be associated with the low-brightness
diffuse emission. This flux density value corresponds to a radio
power of P1.2 GHz = 1.08 × 1024 W Hz−1. To compare this result
with studies of other radio halos, we rescaled the corresponding
radio power at 1.4 GHz P1.4 GHz = 9.21×1023 W Hz−1, correcting
by a factor 0.85 as estimated assuming a spectral index α = 1.
A1689 is part of an X-ray flux-limited galaxy cluster sam-
ple selected from the ROSAT All-Sky Survey by Reiprich &
Bo¨hringer (2002). Its X-ray luminosity (corrected for our cos-
mology) in the 0.1-2.4 keV band is 1.2×1045 erg/sec. Therefore,
the radio power P1.4 GHz, the radio’s largest linear size (LLS ), and
the X-ray luminosity (LX) of A1689 agree with the P1.4 GHz−LLS
and P1.4 GHz − LX relations known for the other halos in clusters
(Giovannini et al. 2009).
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Fig. 3. Total intensity radio contours at 1.2 GHz with the VLA
in DnC configuration after subtraction of discrete sources. The
image has an FWHM of 30′′×30′′. The contour levels are drawn
at -3×10−4 Jy/beam, 3×10−4 Jy/beam, and the rest are spaced by
a factor
√
2. The sensitivity (1σ) is 1×10−4 Jy/beam. Crosses in-
dicate the positions of the subtracted discrete sources. The con-
tours of the radio intensity are overlaid on the Chandra X-ray
image shown in Fig. 1.
Table 2. Information on discrete radio sources embedded in the
central diffuse cluster emission.
Label R.A. Decl. S1.2 GHz
(J2000) (J2000) (mJy)
A 13 11 31.5 -01 19 31 62.0± 2.0
B 13 11 30.0 -01 20 28 14.0± 0.4
C 13 11 29.0 -01 21 17 3.9± 0.1
Col. 1: Source label; Col. 2, 3: Source position (R.A., Decl.);
Col. 4: Source flux density at 1.2 GHz.
In Fig. 4 we plot the radio power calculated at 1.4 GHz ver-
sus the 0.1−2.4 keV X-ray luminosity for clusters hosting radio
halos. Classical powerful radio halos in X-ray luminous clusters
have been found to show a correlation between the radio power
and the X-ray luminosity. A1689 appears consistent with the re-
lation found for other radio halos. The outliers are the few known
radio halos over-luminous in radio with respect to the empirical
radio - X-ray correlation, revealing a complex scenario for the
radio halo formation (Giovannini et al. 2011).
4.1. Azimuthally averaged brightness profile of the radio
emission
In the lefthand panel of Fig.5 we show the azimuthally averaged
radio halo brightness profile at 1.2 GHz obtained from the DnC
configuration image after subtracting of the discrete sources (see
Fig.3) and correcting for the primary beam attenuation. Each
data point represents the average brightness in concentric annuli
of half beam width (≃15′′) centered on the cluster X-ray peak.
The observed brightness profile is traced down to a level of 3σ.
Fig. 4. Relation between the halo radio power at 1.4 GHz and
the cluster X-ray luminosity between 0.1 and 2.4 keV. A1689
is indicated with a red triangle. Blue dots are classical radio
halos, while empty blue dots are outlier clusters. The data are
taken from Giovannini et al. (2009) and references therein,
with the addition of CL0016+16 (Giovannini & Feretti 2000),
MCSJ0717+3745 (Bonafede et al. 2009), A399 (Murgia et al.
2010), A781 (Govoni et al. 2011), A523 (Giovannini et al. 2011),
and 0217+70 (Brown et al. 2011).
Following Murgia et al. (2009), we modeled the radio halo
brightness profile, I(r), with an exponential of the form I(r) =
I0e−r/re , whose best-fit is shown in the left panel of Fig.5. The
proposed method for deriving the radio brightness, the length
scale, hence the radio emissivity of diffuse sources, is relatively
independent of the sensitivity of the radio observation. The ex-
ponential model is attractive in its simplicity and involves a min-
imal set of free parameters. Obviously, it cannot account for the
local deviations from the circular symmetry of the diffuse emis-
sion.
The fit is performed in the image plane as described in
Murgia et al. (2009). To properly take the resolution into
account, the exponential model is first calculated in a 2-
dimensional image, with the same pixel size and field of view
as observed, and then convolved with the same beam by means
of a fast Fourier transform. Finally, the model is azimuthally av-
eraged with the same set of annuli used to obtain the observed
radial profile. All these functions are performed at each step
during the fit procedure. As a result, the values of the central
brightness, I0, and the e-folding radius re provided by the fit are
deconvolved quantities, and their estimate includes all the un-
certainties related to the sampling of the radial profile in annuli
of finite width. The fit procedure has been implemented in the
software FARADAY (Murgia et al. 2004). The best-fit of the
exponential model at 1.2 GHz yields a central brightness 2 of
2 We checked that the fit of the exponential disk performed by mask-
ing, and not subtracting, the discrete sources is consistent within the
uncertainties with the reported values for I0 and re.
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I0=(1.70+0.20−0.23) µJy/arcsec2 and re=(149+25−22) kpc. The average ra-
dio emissivity over the volume of a sphere of radius 3re is
〈J〉 ≃ 7.7 × 10−41(1 + z)3+α · I0
re
(erg s−1cm−3Hz−1) (1)
where re and I0 are in units of kpc and µJy/arcsec2, respectively.
From the central brightness and the e-folding radius, we obtained
for A1689 an average radio emissivity calculated over the vol-
ume of a sphere with radius of 3re, k-corrected with α=1, of
〈J〉 = 1.7 × 10−42 ergs−1cm−3Hz−1.
In the righthand panel of Fig.5, we show the best-fit central
brightness I0 rescaled at 1.4 GHz with α = 1 versus the length
scale re of A1689 in comparison with the set of radio halos and
mini-halos analyzed in Murgia et al. (2009) and Murgia et al.
(2010). As previously pointed out, radio halos can have quite
different length scales, but their emissivity is remarkably simi-
lar from one halo to another. In contrast, mini-halos span a wide
range of radio emissivity. Some of them, like Perseus (Pedlar et
al. 1990, Burns et al. 1992), RXJ1347.5-1145 (Gitti et al. 2007)
and A2390 (Bacchi et al. 2003) are characterized by a radio
emissivity that is more than two orders of magnitude greater than
that of radio halos. On the other hand, the mini-halos in cooling
core clusters like A2029, Ophiuchus, and A1835 (Govoni et al.
2009) have a radio emissivity that is much more typical of ha-
los in merging clusters rather than to the mini-halos previously
known. A1689 populates the same region of the I0 − re plane
of the other radio halos known in the literature. Although the e-
folding radius of A1689 is not particularly extended, it is larger
than the e-folding radius of the other mini-halos (they typically
have re. 100 kpc). Therefore, the physical properties of the dif-
fuse emission in A1689 seem in good agreement with the ex-
trapolation of the properties of the other radio halos known in
the literature.
4.2. Comparison of thermal and nonthermal emission
To investigate the possible presence of a radio - X-ray correla-
tion in A1689, in Fig. 6 we present a quantitative comparison
between the radio halo emission at 1.2 GHz after the correction
for the primary beam attenuation and the Chandra X-ray im-
age in the 0.1−10 keV band. Only regions where the radio halo
emission is higher than a level of 3σ have been considered. The
radial profile was produced by using the same concentric annuli
presented in Fig. 5. Each dot represents the average emission in
each annulus. By fitting the trend with a power law relation
I1.2 GHz ∝ IaX, (2)
we obtained a=0.42±0.02 (Fig. 6, left panel), reinforcing the tur-
bulence model of particle acceleration (e.g., Xu et al. 2010). The
sublinear slope comes from the radial profile of the radio emis-
sion being flatter than the X-ray one, as shown in the righthand
panel of Fig. 6, as in Coma and in A2319 (Govoni et al. 2001,
Brown & Rudnick 2011). A similar analysis was performed for
the mini-halo in the Ophiucus cluster, where a superlinear corre-
lation has instead been observed (Govoni et al. 2009).
5. Discussion and conclusion
As a part of an ongoing program aimed at finding new diffuse
sources in galaxy clusters, we have investigated the radio emis-
sion of the complex galaxy cluster A1689. We analyzed deep ra-
dio observations carried out with the Very Large Array at 1.2 and
1.4 GHz in different configurations. To properly map these dif-
fuse sources, high sensitivity to the extended features is needed,
along with modest (∼20′′) angular resolution in order to distin-
guish a real diffuse source from the blend of unrelated discrete
sources. The availability of sensitive radio images at different
resolutions revealed that at the center of A1689 a few discrete
sources are surrounded by a diffuse low surface brightness emis-
sion associated with the intracluster medium.
We studied the morphological and physical radio proper-
ties (i.e., length scale, central brightness, average emissivity) of
the diffuse emission in A1689 in comparison with that of other
halos known in the literature, by fitting their azimuthally aver-
aged brightness profile with an exponential law. The best-fit of
the exponential model at 1.2 GHz yields a central brightness of
I0=1.7µJy/arcsec2 and re = 149 kpc. From the central brightness
and the e-folding radius, we derived an average radio emissivity
of 〈J〉 = 1.7 × 10−42 ergs−1cm−3Hz−1, consistent with that of all
the other radio halo clusters known to date. Moreover, we in-
vestigated the possible presence of a radio - X-ray correlation in
A1689. We find a sublinear slope, which comes from the radial
profile of the radio emission being flatter than the X-ray one.
The presence of a radio halo in A1689 strongly supports
the cluster merger scenario discussed by Leonard et al. (2011).
Detecting a diffuse nonthermal emission in a high-mass, merg-
ing structure agrees with the evidence that radio halos are mostly
found in massive merging systems.
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